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(54) MICRO-FLUIDIC APPARATUS HAVING PORE STRUCTURE FOR DETECTING NUCLEIC ACIDS

(57) A microfluidic apparatus having a pore structure
for detecting nucleic acids according to the present dis-
closure includes a body: a sample region provided on
one side of the body and into which a sample containing
a target nucleic acid to be detected is injected; a dis-
charge region provided on the other side of the body so
as to be spaced apart from the sample region and con-
figured to discharge the sample in which the target nu-
cleic acid has been detected; a connector configured to
connect the sample region and the discharge region to
each other to provide a flow path through which the sam-
ple flows; a pore region provided inside the connector,
having at least one pore, and configured to induce clog-
ging of the pore through amplification of the target nucleic
acid contained in the sample; and an electrode region
for determining whether the target nucleic acid is ampli-
fied by measuring a change in the electrical signal of the
sample passing through the pore region, wherein probe
linkers that bind to and amplify the target nucleic acid are
provided in the pore region, and the electrode region
measures the degree of clogging of the at least one pore
by binding between the target nucleic acid and the probe
linkers to detect the target nucleic acid. With this config-
uration, since a target nucleic acid is detected based on
the degree of clogging of the pore, fast and simple nucleic
acid detection is possible.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to Korean Patent
Application No. 10-2021-0022117, filed on February 18,
2021 in the Korean Intellectual Property Office, the dis-
closure of which is incorporated herein by reference.

BACKGROUND OF THE DISCLOSURE

Field of the Disclosure

[0002] The present disclosure relates to a microfluidic
apparatus having a pore structure for detecting nucleic
acids, and more particularly, to a microfluidic apparatus
having a pore structure for detecting nucleic acids that
is capable of increasing accuracy with a simple structure
when detecting a target nucleic acid such as RNA.

Description of the Related Art

[0003] Efficient amplification of a target nucleic acid
such as a virus is a very important factor in nucleic acid
detection, DNA sequencing, cloning, and the like. Meth-
ods for amplifying nucleic acids include polymerase chain
reaction (PCR), ligase chain reaction (LCR), self-sus-
tained sequence replication (SSR), nucleic acid se-
quence based amplification (NASBA), and strand dis-
placement amplification (SDA).
[0004] These methods for nucleic acid amplification
are somewhat inaccurate in quantitative measurement
and require expensive equipment. In particular, when
more than one type of target nucleic acid is analyzed
simultaneously, the accuracy is further lowered. To solve
the limitations of these nucleic acid amplification meth-
ods, isothermal nucleic acid amplification methods have
been used in recent years. In particular, among isother-
mal reaction methods, many researches have been
made on a rolling circle amplification (RCA) method ca-
pable of amplifying a target nucleic acid in an isothermal
state without temperature changes during PCR amplifi-
cation.
[0005] As described above, in recent years, to over-
come the limitations in amplifying a target nucleic acid,
various studies have been continuously conducted.

[Related Art Documents]

[Patent Documents]

[0006]

(Patent Document 1) Korean Patent No. 10-
0438828
(Patent Document 2) Japanese Patent Application
Publication No. 2015-505458

SUMMARY OF THE DISCLOSURE

[0007] Therefore, the present disclosure has been
made in view of the above problems, and it is an object
of the present disclosure to provide a microfluidic appa-
ratus having a pore structure for detecting nucleic acids
that has high accuracy with a simple structure when de-
tecting a target nucleic acid.
[0008] In accordance with one aspect of the present
disclosure, provided is a microfluidic apparatus for de-
tecting nucleic acids including a body; a sample region
provided on one side of the body and into which a sample
containing a target nucleic acid to be detected is injected;
a discharge region provided on the other side of the body
so as to be spaced apart from the sample region and
configured to discharge the sample in which the target
nucleic acid has been detected; a connector configured
to connect the sample region and the discharge region
to each other to provide a flow path through which the
sample flows; a pore region provided inside the connec-
tor, having at least one pore, and configured to induce
clogging of the pore through amplification of the target
nucleic acid contained in the sample; and an electrode
region for determining whether the target nucleic acid is
amplified by measuring a change in an electrical signal
of the sample passing through the pore region, wherein
probe linkers that bind to and amplify the target nucleic
acid are provided in the pore region, and the electrode
region measures a degree of clogging of the at least one
pore by binding between the target nucleic acid and the
probe linkers to detect the target nucleic acid.
[0009] In addition, the body may have a chip shape
including upper and lower bodies that are laminated on
each other.
[0010] In addition, the sample region and the discharge
region may each have a chamber shape, and the con-
nector may include a connecting conduit having an inlet
connected to the sample region and an outlet connected
to the discharge region.
[0011] In addition, the pore region may be provided
inside the connector so that the pore region is closer to
the sample region than the discharge region.
[0012] In addition, the at least one pore may be pro-
vided so as to penetrate in a flow direction of the sample
from the sample region toward the discharge region, and
a cross-section of the at least one pore may have various
shapes.
[0013] In addition, the probe linker may include a coat-
ing member applied to a surface of the pore region, a
primer fixed to the coating member, and a template bound
to the primer.
[0014] In addition, a stirrer for stirring the sample may
be provided inside the sample region; and the stirrer may
stir the sample for a preset stirring time, and then may
discharge the sample to the connector, wherein the stir-
ring time is variable.
[0015] In addition, a heating means for amplifying a
binding force between the target nucleic acid and the
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probe linkers by heating the sample for a preset heating
time may be provided inside the sample region.
[0016] In addition, the electrode region may include a
first electrode provided in the connector to be positioned
between the sample region and the pore region; and a
second electrode provided in the connector to be posi-
tioned between the pore region and the discharge region,
wherein the first and second electrodes are used to
measure the target nucleic acid detected by a degree of
clogging of the at least one pore by measuring a signal
change by the sample passing through the pore region.
[0017] In addition, using an electrophoretic force by
the first and second electrodes, the sample may flow from
the sample region to the discharge region.
[0018] In addition, the first and second electrodes may
be provided on one side of an inner surface of the con-
nector, and a direct current voltage or an alternating cur-
rent voltage may be applied to between the first and sec-
ond electrodes.
[0019] In addition, an additive for increasing fluidity of
the sample may be added to the sample region, and the
additive may include ions that increase conductivity.
[0020] In addition, the sample may flow from the sam-
ple region to the discharge region by a flow force gener-
ated by at least one of negative pressure between the
sample region and the discharge region, gravity accord-
ing to an inclined shape of the body inclined from the
sample region toward the discharge region, and a water
head difference between the sample region containing
the sample and the hollowed discharge region.
[0021] In addition, oil may be injected into the sample
injected into the sample region to block an upper surface
of the sample from outside to increase the gravity or the
water head difference.
[0022] In addition, the connector may include a plurality
of connecting conduits each independently connecting
the sample region and the discharge region, and the pore
regions may include a plurality of pore members each
having the at least one pore, and the pore regions may
be provided in plural and may each be independently
provided in the connecting conduits.
[0023] In addition, the probe linkers provided in each
of the pore members may be different or the same, and
the size of the at least one pore provided in each of the
pore members may be different or the same.
[0024] In addition, the probe linkers may not be pro-
vided on any one of the pore members, and the pore
member may be used as a negative reference channel
in which the at least one pore is always open regardless
of amplification of a target nucleic acid, or the probe link-
ers may be formed on any one of the pore members so
that amplification occurs regardless of presence or ab-
sence of the target nucleic acid, and the pore member
may be used as a positive reference channel.
[0025] In addition, the electrode region may include at
least one first electrode provided at an inlet of each of
the connecting conduits respectively connected to the
pore members so as to be respectively positioned be-

tween the sample region and the pore members; and a
plurality of second electrodes provided at an outlet of
each of the connecting conduits respectively connected
to the pore members so as to be respectively positioned
between the pore members and the discharge region.
[0026] In accordance with another aspect of the
present disclosure, provided is a microfluidic apparatus
for detecting nucleic acids including a sample region into
which a sample containing a target nucleic acid to be
detected is injected; a discharge region disposed to be
spaced apart from the sample region and configured to
discharge the sample; a connector providing a sample
flow path between the sample region and the discharge
region; a pore region having at least one pore, provided
in the flow path, and provided with probe linkers that bind
to and amplify the target nucleic acid to induce clogging
of the pore; and an electrode region for measuring wheth-
er the target nucleic acid is amplified through the pore
region by measuring an electrical signal change of the
sample before and after passing through the pore region.
[0027] In addition, the microfluidic apparatus may in-
clude a chip-shaped body in which the sample region,
the discharge region, the connector, the pore region, and
the electrode region are provided, wherein the sample
region and the discharge region are formed in a chamber
shape.
[0028] In addition, the pore region may be provided
inside the connector so that the pore region is closer to
the sample region than the discharge region.
[0029] In addition, the pore of the pore region may be
provided so as to penetrate in a flow direction of the sam-
ple from the sample region toward the discharge region,
and a cross-section of the pore may have various shapes.
[0030] In addition, the probe linker may include a coat-
ing member applied to a surface of the pore region, a
primer fixed to the coating member, and a template bound
to the primer.
[0031] In addition, a stirrer for stirring the sample may
be provided inside the sample region; and the stirrer may
stir the sample for a preset stirring time, and then may
discharge the sample to the connector, wherein the stir-
ring time is variable.
[0032] In addition, a heating means for amplifying a
binding force between the target nucleic acid and the
probe linkers by heating the sample for a preset heating
time may be provided inside the sample region.
[0033] In addition, the electrode region may include a
first electrode provided in the connector to be positioned
between the sample region and the pore region; and a
second electrode provided in the connector to be posi-
tioned between the pore region and the discharge region,
wherein the first and second electrodes measure the tar-
get nucleic acid detected by a degree of clogging of the
at least one pore by measuring a signal change by the
sample passing through the pore region.
[0034] In addition, using an electrophoretic force by
the first and second electrodes, the sample may flow from
the sample region to the discharge region.
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[0035] In addition, the first and second electrodes may
be provided on one side of an inner surface of the con-
nector, and a direct current voltage or an alternating cur-
rent voltage may be applied to the first and second elec-
trodes.
[0036] In addition, an additive for increasing fluidity of
the sample may be added to the sample region, and the
additive may include ions that increase conductivity.
[0037] In addition, the sample may flow from the sam-
ple region to the discharge region by a flow force gener-
ated by at least one of negative pressure between the
sample region and the discharge region, gravity accord-
ing to an inclined shape of the body inclined from the
sample region toward the discharge region, and a water
head difference between the sample region containing
the sample and the hollowed discharge region; and oil
may be injected into the sample injected into the sample
region to block an upper surface of the sample from out-
side to increase the gravity or the water head difference.
[0038] In addition, the connector may include a plurality
of connecting conduits each independently connecting
the sample region and the discharge region, and the pore
regions may include a plurality of pore member each hav-
ing the at least one pore, and the pore regions may be
provided in plural and may each be independently pro-
vided in the connecting conduits.
[0039] In addition, the probe linkers provided in the
pore members may be different or the same, and the size
of the at least one pore provided in the pore members
may be different or the same.
[0040] In addition, the probe linkers may not be pro-
vided on any one of the pore members, and the pore
member may be used as a negative reference channel
in which the at least one pore is always open regardless
of amplification of a target nucleic acid, or the probe link-
ers may be formed on any one of the pore members so
that amplification occurs regardless of presence or ab-
sence of the target nucleic acid, and the pore member
may be used as a positive reference channel.
[0041] In addition, the electrode region may include at
least one first electrode provided at an inlet of the con-
nector connected to the sample region; and a plurality of
second electrodes respectively provided in the connect-
ing conduits so as to be positioned between the pore
region and the discharge region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] The above and other objects, features and other
advantages of the present disclosure will be more clearly
understood from the following detailed description taken
in conjunction with the accompanying drawings, in which:

FIG. 1 schematically illustrates a microfluidic appa-
ratus having a pore structure for detecting nucleic
acids according to a preferred embodiment of the
present disclosure;
FIG. 2 is a schematic cross-sectional view of the mi-

crofluidic apparatus having a pore structure for de-
tecting nucleic acids shown in FIG. 1;
FIG. 3 schematically illustrates various embodi-
ments of a pore region included in the microfluidic
apparatus having a pore structure for detecting nu-
cleic acids shown in FIG. 1;
FIG. 4 schematically illustrates a pore region includ-
ed in the microfluidic apparatus having a pore struc-
ture for detecting nucleic acids shown in FIG. 1;
FIG. 5 schematically illustrates a modification exam-
ple of a sample region included in the microfluidic
apparatus having a pore structure for detecting nu-
cleic acids shown in FIG. 1;
FIG. 6 includes drawings for explaining application
of a sample flow force in the microfluidic apparatus
having a pore structure for detecting nucleic acids
shown in FIG. 1; and
FIG. 7 schematically illustrates a microfluidic appa-
ratus having a pore structure for detecting nucleic
acids according to another embodiment of the
present disclosure.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0043] Hereinafter, preferred embodiments of the
present disclosure will be described with reference to the
accompanying drawings. However, the spirit of the
present disclosure is not limited to the embodiments, and
the spirit of the present disclosure may be proposed dif-
ferently by adding, changing, and deleting the elements
constituting the embodiments, which is also within the
spirit of the present disclosure.
[0044] FIG. 1 schematically illustrates a microfluidic
apparatus 1 having a pore structure for detecting nucleic
acids according to a preferred embodiment of the present
disclosure, and FIG. 2 is a schematic cross-sectional
view of the microfluidic apparatus 1 having a pore struc-
ture for detecting nucleic acids.
[0045] Referring to FIG. 1, the microfluidic apparatus
1 having a pore structure for detecting nucleic acids of
the present disclosure includes a body 10, a sample re-
gion 20, a discharge region 30, a connector 40, a pore
region 50, and an electrode region 60.
[0046] As shown in FIG. 1, the body 10 is provided in
a chip shape including an upper body 11 and a lower
body 12. In the body 10, by mutual coupling of the upper
body 11 and the lower body 12, the sample region 20,
the discharge region 30, the connector 40, and the pore
region 50 to be described later may be provided.
[0047] The sample region 20 is provided on one side
of the body 10, and a conductive sample fluid containing
a target nucleic acid to be detected is injected thereto.
As shown in FIG. 2, the sample region 20 is provided as
a sample chamber having a predetermined height inside
the body 10, and a sample is injected thereto.
[0048] The discharge region 30 is provided on the other
side of the body 10 so as to be spaced apart from the
sample region 20. As shown in FIG. 2, the discharge
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region 30 may be provided as a discharge chamber hav-
ing a predetermined height inside the body 10.
[0049] The connector 40 is configured so that the sam-
ple region 20 and the discharge region 30 are connected
to each other. As shown in FIG. 2, the connector 40 may
form a sample flow path between the sample region 20
and the discharge region 30 provided as a kind of cham-
ber, and may be provided as a connecting conduit for
connecting the sample region 20 and the discharge re-
gion 30 to each other. The connector 40 may be provided
in the body 10 in the form of a microchannel for mutually
communicating the sample region 20 and the discharge
region 30, and may include an inlet connected to the sam-
ple region 20 and an outlet connected to the discharge
region 30.
[0050] The pore region 50 is provided in the connector
40, and has one or more pores 51 to induce clogging of
the pores 51 through amplification of a target nucleic acid
from a sample. The pore region 50 is provided in the
connector 40 to be biased toward the sample region 20,
which is more advantageous for detecting a target nucleic
acid. That is, the pore region 50 is provided on the inlet
side of the connector 40. With this configuration, a sample
accommodated in the sample region 20 passes through
the pore region 50 provided on the inlet side of the con-
nector 40, and at this time, bubbling of the sample gen-
erated in the process of passing the pore region 50 may
be prevented.
[0051] For reference, when the flow rate of a sample
passing through the connector 40 is high, bubbles may
be generated, and these bubbles may impede sample
flow. To prevent bubbles from occurring during sample
flow, when the flow pressure of a sample is reduced,
reproducibility may be reduced when detection of a target
nucleic acid is repeated, and frequent changes in flow
pressure may require control, which may limit detection.
Accordingly, in the microfluidic apparatus 1 for detecting
nucleic acids described in the present disclosure, by pro-
viding the pore region 50 on the inlet side of the connector
40 connected to the sample region 20, degradation of
detection power due to generation of bubbles during
sample flow may be prevented.
[0052] In addition, as shown in FIG. 3A, the pore region
50 may be provided in the form of a pore membrane. In
the pore region 50, the pores 51 may be provided in plural.
Here, as shown in FIGS. 3B to 3F, the pores 51 may be
formed in one or more complex shapes, and may be
formed to penetrate the pore region 50 in the direction
of sample flow.
[0053] For example, in the cross section of the pore
region 50, round pores 52 (FIG. 3B), square pores 53
(FIG. 3C), triangular pores 54 (FIG. 3D), star-shaped
pores 55 (FIG. 3E), and spherical pores 56 (FIG. 3F) may
be provided. That is, the cross-sections of the one or
more pores 52 to 56 may be formed in various shapes,
including a circular shape.
[0054] The pores 51 are micropores penetrating the
pore region 50 in the flow direction of a sample. Even

when the pore region 50 for nucleic acid detection is in-
stalled to block the entrance of the connector 40, a sam-
ple may flow through the pores 51. For reference, as the
size of the pores 51 increases, a sample flows more eas-
ily. Under the condition that the volume of the pores 51
is the same, as the surface area of the pores 51 increas-
es, nucleic acid detection in a flow sample is easier.
[0055] In addition, as shown in FIG. 4, probe linkers
70 are provided in the pore region 50. The probe linkers
70 include coating members 71, primers 72, and tem-
plates 73.
[0056] The surface of the pore region 50 is coated with
the coating members 71. The coating members 71 are
made of a material to which the primers 72 may be at-
tached and fixed. For example, the coating members 71
may be made of a material including a carboxyl group or
an amine group, and the surface of the pore region 50
may be coated with the coating members 71. More spe-
cifically, the coating members 71 may include one or
more selected from the group consisting of 5-hydroxy-
dopamine (5-OHDA) hydrochloric acid, norepinephrine,
epinephrine, pyrogallolamine, 3,4-Dihydroxyphenyla-
lanine (DOPA), catechin, tannins, pyrogallol, pyrocate-
chol, heparin-catechol, chitosan-catechol, polyethylene
glycol-catechol, polyethylenimine-catechol, polymethyl
methacrylate-catechol, hyaluronic acid-catechol, polyly-
sine-catechol, and polylysine.
[0057] The primers 72 are fixed to the coating mem-
bers 71. The primers 72 are provided between the tem-
plates 73 to be described later and the coating members
71, and are bound to the templates 73. Here, the ends
of the primers 72 may be modified with one or more se-
lected from the group consisting of a thiol, an amine, a
hydroxyl group, a carboxyl group, isothiocyanate, N-hy-
droxysulfosuccinimide (NHS) ester, an aldehyde, an
epoxide, a carbonate, hydroxybenzotriazole (HOBt) es-
ter, glutaraldehyde, a carbamate, imidazole carbamate,
maleimide, aziridine, a sulfone, vinylsulfone, hydrazine,
phenyl azide, benzophenone, anthraquinone, and a di-
ene group.
[0058] The templates 73 complementarily bind to the
primers 72. Although not shown in detail, each of the
templates 73 may include first binding regions comple-
mentary to a target nucleic acid included in a sample, a
second binding region complementary to the primer 72,
and third binding regions complementary to the inside of
the template 73 to maintain a dumbbell shape. Here, the
first binding regions of the template 73 is formed sepa-
rately at both ends of the template 73, and the second
binding region is formed between the third binding re-
gions formed separately.
[0059] For reference, the configuration of the template
73 having the first to third binding regions is only an ex-
ample, and the present disclosure is not limited thereto.
[0060] The probe linkers 70 having such a configura-
tion are coupled to a target nucleic acid included in a
sample, the target nucleic acid is amplified, and the am-
plified target nucleic acids are attached to the probe link-
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ers 70 to form a large-sized hydrogel. At this time, the
large-sized hydrogel may block the pores 51 penetrating
through the pore region 50. That is, by amplification
through complementary binding between the probe link-
ers 70 and a target nucleic acid, the pores 51 of the pore
region 50 may be blocked, or the passage area through
the pores 51 may be reduced. A target nucleic acid is
detected by measuring a change in fluid resistance or
impedance between both ends of the pore region 50 due
to an internal change of the pores 51. As a result, the
target nucleic acid is amplified through complementary
binding between the probe linkers 70 and the target nu-
cleic acid included in the sample, so that the target nucleic
acid is detected.
[0061] Here, the pores 51 are formed in a size suitable
for applying the probe linkers 70, and as the size of the
pores 51 decreases, the clogging speed of the pores 51
increases, which is an advantage. On the other hand, as
the size of the pores 51 decreases, the flow resistance
of a sample is increased, and it is difficult to apply the
probe linkers 70 inside the pores 51. Accordingly, by se-
lecting the size of the pores 51 in consideration of the
flow conditions of a sample, nucleic acids included in the
sample may be detected under various conditions.
[0062] In addition, as shown in FIG. 5, the microfluidic
apparatus 1 for detecting nucleic acids of the present
disclosure may further include a stirrer 21. The stirrer 21
stirs a sample inside the sample region 20, thereby bring-
ing the stirred sample into contact with the pore region
50 installed close to the inlet of the connector 40 con-
nected to the sample region 20. Accordingly, during the
stirring process by the stirrer 21, the probability that a
target nucleic acid in the sample is complementary to the
probe linkers 70 formed in the pore region 50 increases.
[0063] For reference, the stirrer 21 stirs a sample in
the sample region 20 for a preset stirring time and then
discharges the sample to the connector 40, thereby al-
lowing the sample to flow along the connector 40. Here,
the stirring time may be set between approximately 5
minutes and 30 minutes, and the stirring time is preferably
set in consideration of time required for complementary
binding between the probe linkers 70 and a target nucleic
acid, test time, and the like.
[0064] In addition, although not shown in detail, a heat-
ing means (not shown) for heating a sample injected into
the sample region 20 to a preset temperature range may
be included. Here, the heating temperature range of the
heating means (not shown) is set to an optimum reaction
temperature for an amplification process by complemen-
tary binding between the probe linkers 70 and a target
nucleic acid, i.e., passive cutaneous anaphylaxis reac-
tion (PCA). In this embodiment, the heating temperature
range is approximately 30 to 37 °C.
[0065] In addition to setting the heating temperature of
the heating means (not shown), the stirring time of the
stirrer 21 may be set within the range of 5 to 30 minutes.
Due to the configuration of the stirrer 21 and the heating
means (not shown), a sample heated and stirred inside

the sample region 20 is sufficiently coupled to the probe
linkers 70 formed on the surface of the pore region 50.
[0066] Accordingly, when a sample discharged from
the sample region 20 passes through the pores 51 of the
pore region 50, the flow rate of the sample may be in-
creased. As a result, a target nucleic acid rapidly binds
to the probe linkers 70, and clogging of the pores 51 is
induced, thereby reducing detection time. In addition, be-
fore the sample passes through the pores 51, since a
target nucleic acid included in the sample and the probe
linkers 70 are in combined state in advance, occurrence
of bubbles may be prevented when the sample flows
through the pores 51.
[0067] The electrode region 60 measures an electrical
signal change in a sample passing through the pore re-
gion 50 to detect target nucleic acids amplified in the pore
region 50. That is, the electrode region 60 measures the
electrical resistance or impedance of a conductive sam-
ple fluid before and after the pore region 50, thereby
measuring a minute electrical change signal according
to the degree of clogging of the pores 51.
[0068] The electrode region 60 includes first and sec-
ond electrodes 61 and 62 provided in the connector 40
to face each other with the pore region 50 interposed
therebetween. Since the electrode region 60 includes the
first and second electrodes 61 and 62 facing each other
with the pore region 50 interposed therebetween, the
electrode region 60 may measure a change in the flow
amount of a sample passing through the pore region 50.
The first and second electrodes 61 and 62 measure the
flow amount of a sample flowing from the sample region
20 to the connector 40 and the flow amount of the sample
flowing from the connector 40 to the discharge region 30
as relative signal changes according to electrical chang-
es, thereby detecting nucleic acids.
[0069] In addition, the first and second electrodes 61
and 62 of the electrode region 60 are disposed so as to
be in contact with a sample flowing in the connector 40.
The first and second electrodes 61 and 62 measure elec-
trical signals and generate a flow force that causes a
sample to flow by means of an electrophoretic force. That
is, in the electrode region 60 according to present em-
bodiment, a voltage is applied to the first and second
electrodes 61 and 62 respectively provided on the sam-
ple region 20 and the discharge region 30 to detect a
target nucleic acid and generate a sample flow force by
an electrophoretic force. Since the electrode region 60
including the first and second electrodes 61 and 62 use
an electrophoretic force, compared to sample flow by the
pressure difference between the sample region 20 and
the discharge region 30, there is an advantage in that a
compact design is possible.
[0070] In addition, to improve a flow force by electro-
phoresis, it is advantageous that the conductivity of a
sample injected into the sample region 20 is improved.
By adding an additive containing ions having higher con-
ductivity than water to the inside of the sample region 20,
the conductivity of a sample may be increased to increase
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a flow force. The additive is preferably selected so as not
to affect nucleic acid amplification by the primers 72 and
the templates 73 of the probe linkers 70. In this embod-
iment, to increase the electrical conductivity of a sample,
ions including at least one of KCI, NaCl, and CaCl3 are
used.
[0071] Here, the installation positions of the first and
second electrodes 61 and 62 of the electrode region 60
are not limited to the positions shown in FIG. 1. For ex-
ample, as shown in FIG. 6A, a modification example in
which the first and second electrodes 61 and 62 are re-
spectively provided in the sample region 20 and the dis-
charge region 30 is also possible.
[0072] In addition, the present disclosure is not limited
to generation of a sample flow force using an electro-
phoretic force by the electrode region 60, and various
means for generating a flow force may be applied. For
example, as shown in FIG. 6B, in a state in which the
discharge region 30 is closed by a stopper 30a, while the
stirrer 21 stirs a sample in the sample region 20, when
an exhaust line 31 is formed using an injection needle,
a water head difference is generated between the hol-
lowed discharge region 30 and the sample region 20.
Accordingly, a modification example in which a sample
in the sample region 20 passes through the pores 51 of
the pore region 50 and flows along the connector 40 to
be introduced into the discharge region 30 is also possi-
ble. As described above, in the present embodiment, de-
tection of a target nucleic acid using the electrode region
60 and a sample flow force by an electrophoretic force
are exemplified, but the present disclosure is not limited
thereto. That is, a flow force that causes a sample to flow
along the connector 40 may be generated by at least one
of the negative pressure between the sample region 20
and the discharge region, gravity according to the in-
clined shape of the body 10 inclined from the sample
region 20 toward the discharge region 30, and the water
head difference between the sample region 20 containing
a sample and the hollowed discharge region 30.
[0073] Here, when the electrode region 60 generates
a flow force by using gravity or a water head difference,
oil that does not mix with a sample may be injected into
the sample region 20 after injection of the sample. The
oil blocks the upper surface of a sample injected into the
sample region 20 from the outside, thereby increasing
gravity or a water head difference for the flow force of
the electrode region 60 responsible for sample flowing
along the connector 40.
[0074] In addition, when the electrode region 60 gen-
erates a sample flow force by using an electrophoretic
force, the voltage directions of the first and second elec-
trodes 61 and 62 may be switched by repeated passage
of a sample through the pore region 50. Switching of volt-
age directions provides an environment in which the fre-
quency of contact between the probe linkers 70 provided
inside the pores 51 and a target nucleic acid is increased,
so that clogging of the pores 51 may be quickly induced.
The voltage applied to the first and second electrodes 61

and 62 may be a direct current voltage or alternating cur-
rent voltage. Preferably, an alternating current voltage
with a low frequency of 10 Hz or less is used.
[0075] The nucleic acid detection operation of the mi-
crofluidic apparatus 1 for detecting nucleic acids of the
present disclosure having the above configuration is
summarized as follows with reference to FIG. 1.
[0076] When a sample is injected into the sample re-
gion 20, the sample is discharged toward the discharge
region 30 by an electrophoretic force by the first and sec-
ond electrodes 61 and 62 of the electrode region 60. At
this time, a stirrer 21 may be provided inside the sample
region 20 to stir the sample for a preset stirring time, and
the sample may be heated by a heating means (not
shown).
[0077] The sample discharged from the sample region
20 is introduced into the inlet of the connector 40, and
passes through the pore region 50 provided in the con-
nector 40. Here, since the probe linkers 70 are formed
in the pore region 50, a target nucleic acid included in
the sample is amplified by binding to the probe linkers
70, and the pores 51 formed through the pore region 50
in the flow direction of the sample are clogged by the
amplified target nucleic acids. Accordingly, the electrode
region 60 detects a target nucleic acid by measuring a
change in fluid resistance or impedance between both
ends of the pore region 50 according to a size change
such as clogging of the pores 51. The sample passing
through the pore region 50 is introduced into the dis-
charge region 30 and discarded.
[0078] FIG. 7 schematically illustrates a microfluidic
apparatus 100 for detecting nucleic acids according to
another embodiment of the present disclosure.
[0079] Referring to FIG. 7, the microfluidic apparatus
100 according to another embodiment includes a body
10, a sample region 20, a discharge region 30, connec-
tors 140, pore regions 150, and electrode regions 160.
Here, the configuration of the body 10, the sample region
20, and the discharge region 30 is similar to the above-
described exemplary embodiment, and thus the same
reference numerals as those of the exemplary embodi-
ment are assigned and detailed descriptions thereof will
be omitted.
[0080] The connectors 140 according to another em-
bodiment include a plurality of connecting conduits 141
to 144 to independently connect the sample region 20
and the discharge region 30, respectively. Hereinafter,
for convenience of explanation, the connectors 140 are
exemplified as including four connecting conduits 141 to
144. The four connecting conduits 141 to 144 are de-
scribed as first to fourth connecting conduits 141 to 144
provided in the body 10 to independently connect the
sample region 20 and the discharge region 30. For ref-
erence, the number of the connecting conduits 141 to
144 is only an example, and is not limited to the illustrated
example.
[0081] The pore regions 150 are provided in the first
to fourth connecting conduits 141 to 144, respectively,
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and detect a target nucleic acid from a sample. For this
function, the pore regions 150 include first to fourth pore
members 151 to 154 corresponding to the first to fourth
connecting conduits 141 to 144, respectively. Here, the
first to fourth pore members 151 to 154 are provided to
be parallel to each other.
[0082] With this configuration, the first pore member
151 provided in the first connecting conduit 141 detects
a target nucleic acid from a sample using the probe link-
ers 70 (see FIG. 4) formed on the surface thereof, and
the second pore member 152 provided in the second
connecting conduit 142 detects a target nucleic acid us-
ing the probe linkers 70. Likewise, the probe linkers 70
formed on each of the third and fourth pore members 153
and 154 provided in the third and fourth connecting con-
duits 143 and 144, respectively, detect a target nucleic
acid from a sample.
[0083] In addition, the probe linkers 70 formed on the
first to fourth pore members 151 to 154 may be provided
in different types, and may be complementarily bound to
different types of target nucleic acids. Accordingly, the
first to fourth pore members 151 to 154 measure the size
change of the pores 51 due to binding with different types
of target nucleic acids from a sample branching into the
first to fourth connecting conduits 141 to 144, and detect
target nucleic acids.
[0084] Here, since the probe linkers 70 are not provid-
ed on one of the first to fourth pore members 151 to 154,
the pore member may be used as a negative reference
channel in which the pores 51 are always open regard-
less of amplification of nucleic acids. Alternatively, the
probe linkers 70 provided on one of the first to fourth pore
members 151 to 154 may be formed so that nucleic acid
amplification occurs regardless of the presence of a tar-
get nucleic acid, and thus the pore member may be used
as a positive reference channel.
[0085] In addition, in the first to fourth connecting con-
duits 141 to 144, the electrode regions 160 including a
plurality of electrodes 161 and 162 facing each other with
the first to fourth pore members 151 to 154 interposed
therebetween are provided. With this configuration, sam-
ple fluidity may be provided, and the degree of clogging
of the first to fourth pore members 151 to 154 may be
measured.
[0086] Here, the electrode regions 160 include first
electrodes 161 disposed between the sample region 20
and the first to fourth pore members 151 to 154 and pro-
vided on the inlet sides of the first to fourth connecting
conduits 141 to 144 connected to the first to fourth pore
members 151 to 154. In addition, the electrode regions
160 include second electrodes 162 disposed between
the first to fourth pore members 151 to 154 and the dis-
charge region 30 and provided on the outlet sides of the
first to fourth connecting conduits 141 to 144 connected
to the first to fourth pore members 151 to 154.
[0087] More specifically, the electrode regions 160 in-
clude the first electrodes 161 including a first detection
electrode 161a provided in the first connecting conduit

141, a second detection electrode 161b provided in the
second connecting conduit 142, a third detection elec-
trode 161c provided in the third connecting conduit 143,
and a fourth detection electrode 161d provided in the
fourth connecting conduit 144. The first electrodes 161
are disposed between the sample region 20 and the pore
regions 150. In addition, the electrode regions 160 in-
clude the second electrodes 162 including a fifth detec-
tion electrode 162a provided in the first connecting con-
duit 141, a sixth detection electrode 162b provided in the
second connecting conduit 142, a seventh detection
electrode 162c provided in the third connecting conduit
143, and the eighth detection electrode 162d provided in
the fourth connecting conduit 144. The second elec-
trodes 162 are disposed between the pore regions 150
and the discharge region 30.
[0088] The first and second electrodes 161 and 162
including the detection electrodes 161a to 161d and the
detection electrodes 162a to 162d may accurately deter-
mine whether the pores 51 are clogged by detecting a
signal change due to nucleic acid amplification for each
of the first to fourth connecting conduits 141 to 144. In
addition, for convenience of measurement, a modifica-
tion example, in which a single first electrode 161 pro-
vided between the sample region 20 and the pore regions
150 is disposed on the inlet side of the connectors 140
and the second electrodes 162 including the detection
electrodes 162a to 162d provided between the pore re-
gions 150 and the discharge region 30 are disposed to
be correspond to the first to fourth connecting conduits
141 to 144, respectively, is possible.
[0089] The first and second electrodes 161 and 162
may be formed of various conductive materials including
Ag/AgCl, Au, and carbon. In addition, the first and second
electrodes 161 and 162 are preferably disposed on one
sides of the inner surfaces of the first to fourth connecting
conduits 141 to 144 so as not to interfere with sample
flow.
[0090] For reference, to accurately measure the de-
gree of clogging of the pores 51 using the first and second
electrodes 161 and 162, a bias voltage may be applied
as DC or AC. At this time, the degree of clogging of the
pores 51 is detected by measuring current, resistance,
and impedance between the first and second electrodes
161 and 162.
[0091] In addition, although not shown in detail, like
the pores 51 to 56 described above with reference to
FIG. 3, the pores 51 provided in the pore members 151
to 154 are micropores penetrating in the flow direction of
a sample, and may be formed in various shapes such as
a circle, a triangle, a square, a star, and the like. In ad-
dition, under the condition that the volume of the pores
51 is the same, the pores 51 are preferably formed in a
shape with a large internal surface area.
[0092] For reference, one embodiment and another
embodiment described above show an example in which
detection of nucleic acids according to current change is
performed by the first electrode 61 (161) and the second
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electrode 62 (162) of the electrode region 60 (160) that
generate a flow force by an electrophoretic force. How-
ever, a modification example in which a separate elec-
trode for detecting nucleic acids is additionally provided
in the connector 40 (140) is also possible. That is, a mod-
ification example in which the electrode region 60 (160)
additionally inserts electrodes in the vicinity of the pore
region 40 (140) and the electrodes for measuring an elec-
trical signal change and generating a flow force by an
electrophoretic force are individually configured is also
possible.
[0093] According to the present disclosure having the
above configuration, a pore region having pores provided
in a sample flow path between a sample region and a
discharge region is provided with probe linkers to induce
clogging of the pores and detect a target nucleic acid
through an electrode region, thereby enabling nucleic ac-
id detection with a simple structure. In particular, by plac-
ing electrodes so that a pore region is located between
the electrodes and measuring the electrical resistance
or impedance of a conductive sample fluid, a minute elec-
trical change signal according to the degree of clogging
of the pores can be measured, thereby increasing the
detection accuracy of a target nucleic acid.
[0094] In addition, by temporally measuring the clog-
ging process of the pores, the secondary effect of meas-
uring amplification and reaction process can be obtained.
[0095] Although the present disclosure has been de-
scribed above with reference to the embodiments of the
present disclosure, those skilled in the art may variously
modify and change the present disclosure without de-
parting from the spirit and scope of the present disclosure
as set forth in the claims below.

[Description of Symbols]

[0096]

1: MICROFLUIDIC APPARATUS FOR DE-
TECTING NUCLEIC ACIDS

10: BODY
20: SAMPLE REGION
30: DISCHARGE REGION
40, 140: CONNECTOR
50, 150: PORE REGION
60, 160: ELECTRODE REGION

Claims

1. A microfluidic apparatus for detecting nucleic acids,
comprising:

a body;
a sample region provided on one side of the body
and into which a sample containing a target nu-
cleic acid to be detected is injected;
a discharge region provided on the other side of

the body so as to be spaced apart from the sam-
ple region and configured to discharge the sam-
ple in which the target nucleic acid has been
detected;
a connector configured to connect the sample
region and the discharge region to each other
to provide a flow path through which the sample
flows;
a pore region provided inside the connector,
having at least one pore, and configured to in-
duce clogging of the pore through amplification
of the target nucleic acid contained in the sam-
ple; and
an electrode region for determining whether the
target nucleic acid is amplified by measuring a
change in an electrical signal of the sample
passing through the pore region,
wherein probe linkers that bind to and amplify
the target nucleic acid are provided in the pore
region, and the electrode region measures a de-
gree of clogging of the at least one pore by bind-
ing between the target nucleic acid and the
probe linkers to detect the target nucleic acid.

2. The microfluidic apparatus according to claim 1,
wherein the body has a chip shape comprising upper
and lower bodies that are laminated on each other.

3. The microfluidic apparatus according to claim 1 or
2, wherein the sample region and the discharge re-
gion each have a chamber shape, and the connector
comprises a connecting conduit having an inlet con-
nected to the sample region and an outlet connected
to the discharge region.

4. The microfluidic apparatus according to one of
claims 1 to 3, wherein the pore region is provided
inside the connector so that the pore region is closer
to the sample region than the discharge region.

5. The microfluidic apparatus according to one of
claims 1 to 4, wherein the at least one pore is pro-
vided so as to penetrate in a flow direction of the
sample from the sample region toward the discharge
region, and a cross-section of the at least one pore
has various shapes.

6. The microfluidic apparatus according to one of
claims 1 to 5, wherein the probe linker comprises a
coating member applied to a surface of the pore re-
gion, a primer fixed to the coating member, and a
template bound to the primer.

7. The microfluidic apparatus according to one of
claims 1 to 6, wherein a stirrer for stirring the sample
is provided inside the sample region; and
the stirrer stirs the sample for a preset stirring time,
and then discharges the sample to the connector,
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wherein the stirring time is variable.

8. The microfluidic apparatus according to one of
claims 1 to 7, wherein a heating means for amplifying
a binding force between the target nucleic acid and
the probe linkers by heating the sample for a preset
heating time is provided inside the sample region.

9. The microfluidic apparatus according to one of
claims 1 to 8, wherein the electrode region comprises
a first electrode provided in the connector to be po-
sitioned between the sample region and the pore
region; and

a second electrode provided in the connector to
be positioned between the pore region and the
discharge region,
wherein the first and second electrodes are used
to measure the target nucleic acid detected by
a degree of clogging of the at least one pore by
measuring a signal change by the sample pass-
ing through the pore region.

10. The microfluidic apparatus according to claim 9,
wherein, using an electrophoretic force by the first
and second electrodes, the sample flows from the
sample region to the discharge region.

11. The microfluidic apparatus according to claim 9 or
10, wherein the first and second electrodes are pro-
vided on one side of an inner surface of the connec-
tor, and a direct current voltage or an alternating cur-
rent voltage is applied to between the first and sec-
ond electrodes.

12. The microfluidic apparatus according to one of
claims 1 to 11, wherein an additive for increasing
fluidity of the sample is added to the sample region,
and the additive comprises ions that increase con-
ductivity.

13. The microfluidic apparatus according to one of
claims 1 to 12, wherein the sample flows from the
sample region to the discharge region by a flow force
generated by at least one of negative pressure be-
tween the sample region and the discharge region,
gravity according to an inclined shape of the body
inclined from the sample region toward the discharge
region, and a water head difference between the
sample region containing the sample and the hol-
lowed discharge region.

14. The microfluidic apparatus according to claim 13,
wherein oil is injected into the sample injected into
the sample region to block an upper surface of the
sample from outside to increase the gravity or the
water head difference.

15. The microfluidic apparatus according to one of
claims 1 to 14, wherein the connector comprises a
plurality of connecting conduits each independently
connecting the sample region and the discharge re-
gion, and
the pore region comprises a plurality of pore mem-
bers respectively corresponding to the connecting
conduits.
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